Cerebral microbleeds (CMB) are small hemosiderin deposits indicative of prior cerebral microscopic hemorrhage and previously thought to be clinically silent. Recent population based cross-sectional studies and prospective longitudinal cohort studies have revealed association between CMB and cognitive dysfunction. In the general population, CMB are associated with age, hypertension, and cerebral amyloid angiopathy. In the chronic kidney disease (CKD) population, diminished estimated glomerular filtration rate (eGFR) has been found to be an independent risk factor for CMB, raising the possibility that a uremic milieu may predispose to microbleeds. In the end-stage renal disease (ESRD) population on hemodialysis, the incidence of microbleeds is significantly higher compared to a control group without history of CKD or stroke. We present an ESRD patient on chronic hemodialysis with a history of gradual cognitive decline and progressive cerebral microbleeds. Through this case and literature review we illustrate the need to develop detection and prediction models to treat this frequent development in ESRD patients.
Introduction
Cognitive impairment, including dementia as well as structural brain abnormalities, are highly prevalent among patients with end stage renal disease (ESRD) on hemodialysis and are associated with poor outcomes [1] [2] [3] . Although the exact pathogenesis of cognitive impairment and dementia in ESRD is unknown, cerebrovascular disease is thought to have a prominent role given that the vascular beds of the brain and kidney have similar hemodynamic features 4 . Previously named 'multi-infarct dementia' and 'post-stroke dementia', vascular cognitive impairment comprises a spectrum of disorders and is related to all forms of cerebrovascular diseases. More recently, "mixed cerebrovascular disease" has been proposed as a conceptual definition that incorporates both overt ischemic or hemorrhagic stroke, along with subclinical abnormalities such as white matter disease (or leukoaraiosis) and cerebral microbleeds 5, 6 .
The term 'cerebral microbleeds' (CMB) refers to focal areas of signal loss in brain parenchyma measuring ≤10 mm on gradient-echo or susceptibility-weighted magnetic resonance imaging (MRI) 7 . Thus, CMB appear to be direct evidence of microvascular blood leakage. Presence and number of CMB have been shown to be directly and independently associated with cognitive dysfunction in different populations and prospective longitudinal cohort studies, with or without preexisting cerebrovascular disease [8] [9] [10] [11] [12] . In the general population, CMB are associated with age, hypertension and cerebral amyloid angiopathy. CMB are present in approximately 17% of the population between age 60 and 69, and nearly 36% by age 80 and above 13 . In the population with chronic kidney disease (CKD), diminished estimated glomerular filtration rate (eGFR) has been found to be an independent risk factor for CMB, raising the possibility that a uremic milieu may predispose to microbleeds 14 . In the ESRD population on hemodialysis, the incidence of microbleeds is significantly higher compared to a control group without history of CKD or stroke 15 .
The purpose of this case report is to present an ESRD patient on chronic hemodialysis with a history of gradual cognitive decline and progressive structural brain abnormalities. We explore this case within the framework of mixed cerebrovascular disease and the ongoing hemodynamic demands of maintenance hemodialysis.
Case Report
The patient is a 67 year old female with a past medical history significant for insulindependent type II diabetes mellitus, hypertension, and presumed hypertensive nephrosclerosis resulting in ESRD. She was started on maintenance hemodialysis three times weekly in a dialysis center beginning 2006. Prior to renal replacement therapy, the patient had worked as an administrative assistant in marketing and maintained an independent lifestyle. The patient started to show signs of cognitive impairment, first described as worsening short term memory and attention deficit in 2006, two years after dialysis initiation. She was evaluated by neurology in 2008 and was initially diagnosed with mild cognitive impairment; MMSE (MMSE or Folstein test) 16 at that time was 29 /30. Otherwise, she had no speech difficulty, focal weakness, or numbness. There was no family history of stroke, psychiatric illness, or cognitive dysfunction. Over the next few years, she had progressive memory difficulties, including recalling names and keeping track of medical appointments. By 2012, she had MMSE 26/30. Radiographic studies were performed between May 2010 and October 2012, including brain MRI with gradient-echo and susceptibility-weighted imaging. MRI scans with T2*-weighted sequence were performed on the same 3T field-strength magnet to ascertain consistency over time. The microbleeds were counted based on 2 mm axial susceptibility weighted imaging and displayed in these figures as thick-slab minimum intensity projection (MIP) images. These images revealed a stable chronic hemorrhagic subcortical infarct extending to the medial aspect of the left thalamus and interval development of a hemorrhagic subcortical infarct involving the left precuneus as well as a smalldeep infarct in the left pons. There were also T2/FLAIR hyperintense white matter abnormalities, moderate for her age group. In addition to the evidence of mixed cerebrovascular disease with moderately severe white matter disease, there were diffuse, progressive microhemorrhagic changes, most within the size range of microbleeds (≤10mm diameter) ( Figure 1 ). Over the more than two-year interval, additional CMB lesions developed in the pons, left cingulate gyrus and a larger chronic hemorrhagic area in the left parietal lobe (Figure 1 ).
The MRI images were reviewed by the same neuroradiologist and the white matter changes appeared stable over the follow-up period. The infarcts were relatively small and sparing the cortex on high resolution 3D T1-weighted images. The number of CMB lesions increased from 5 at the baseline to approximately 12 on the follow-up study. Approximately two third of the lesions were deep or in the infratentorial region, and the remaining lesions were lobar.
During this period while on hemodialysis, the patient exhibited volume-dependent pattern of hypertension with labile pre-dialysis blood pressures up to 200/120 mmHg, even with multiple antihypertensive medications. The dialysis prescription included a standard protocol of heparin infusion (2000 unit bolus at the beginning of dialysis followed by 500 units per hour maintenance afterwards) during hemodialysis treatment. She also received erythropoietin to maintain a hemoglobin goal of 9-11 g/dl. The patient was not prescribed antiplatelet agents. Peritoneal dialysis (PD) was attempted in 2012 but subsequently discontinued due to her progressive memory difficulties and cognitive decline, which were incompatible with continuing home-based renal replacement therapy. She was switched back on maintenance hemodialysis after one episode with PD-associated peritonitis.
Discussion
Cognitive impairment is common among patients with ESRD, and associated with poor outcome. The prevalence rates are three time higher than the age-matched general population in United States 17 . Cognitive impairment has been associated with high mortality, frequent hospitalization, dialysis withdrawal, and disability. Thus, it has caused significant burden to the family or caregivers of the patient, and the entire healthcare system. However, the signs and diagnosis of early stage cognitive impairment has often been missed by nephrologists and primary care physicians. This is largely due to inconsistency in definition and diagnostic criteria of cognitive impairment or dementia as well as lack of standardized screening protocol and tools. The MMSE is perhaps the most widely used cognitive screening test. A score of less than 24 has been used to define dementia in the general population 18 . However, the test focuses mainly on memory but not executive function assessment, and executive dysfunction appears to be more common among patients with dementia from vascular causes and among dialysis patients 19, 20 . These drawbacks limit its use as a screening tool for early detection of dementia in the ESRD population, as in our case. Newer screening tests have been developed and are available with focus on different domains of cognitive function. However, none of these tests have been validated specifically in the dialysis population.
The underlying mechanisms of cognitive impairment among ESRD patients remains poorly understood. Comparing to the general population, the factors which are unique to patients with ESRD and dialysis (e.g. uremic solutes, hypertension and hemodynamic instability, electrolytes and volume shift during dialysis, and anemia) may contribute to the increased risk of cognitive impairment in this population. Moreover, cerebrovascular disease is thought to have a prominent role in development and progression of cognitive impairment among ESRD patients. Based on the similarity of the juxtamedullary afferent arterioles in the kidney to the perforating arteries in the brain, they are thought to be evolutionally developed to maintain the perfusion of vital tissues such as nephrons and the brain directly from large arteries to deliver blood to tissue 21 ; this phenomenon is often referred as brainkidney cross talk. Diminished eGFR has been found to be an independent risk factor for CMB 14 and the incidence is significantly higher in ESRD patients compared to a control group without kidney disease 15 . Recent population-based cross-sectional studies and prospective longitudinal cohort studies have also revealed close association between CMB and cognitive dysfunction [8] [9] [10] [11] [12] . A potential causal relationship is suggested by the observation that occurrence of CMB at baseline is associated with frontal-executive impairment at long-term follow up 22 .
Non-contrast brain MRI scans with a T2*-weighted sequence, such as gradient echo (GRE) or susceptibility weighted imaging (SWI), have emerged as important tools to detect microbleeds 23, 24 . The SWI sequence is highly sensitive and can display both magnitude and phase mappings to increase specificity. The microbleeds would likely be occult if there were only routine T1-weighted and T2-weighted sequences and may not be visualized on computed tomography (CT).
The number and location of cerebral microbleeds also seems to be relevant, with larger numbers of lobar microbleeds correlate with poorer neuropsychological testing. A lobar distribution of CMB is considered to indicate cerebral amyloid angiopathy 25 , whereas deeper parenchymal and infratentorial microbleeds are thought to relate to hypertensive vasculopathy 9, 26 . Lobar microbleeds are more robustly associated with motor and executive performance but not memory domains in dementia 9, 27 . The exact mechanism by which the CMB might cause cognitive function remains unknown. It has been suggested that CMB may induce inflammation and generate reactive oxygen species, resulting in structural injury 6 .
The pathological substrate of CMB is a subject of considerable interest. Initial observations suggested that CMB were due to tears of small arteries 28 . Later studies demonstrated a capillary source for cerebral microscopic hemorrhages, some of which may be of sufficient size to be demonstrable radiographically as CMB 29, 30 . More recent observations have suggested that CMB may also be indicative of hemorrhagic microinfarctions 31 . A variant on the latter theme suggests that some CMB result from ischemic injury but may not actually be hemorrhagic 32 . At present, all these etiologies need to be considered as potentially in play, and incorporated into treatment strategies 33 .
In the healthy population, the prevalence of CMB increases with age and male gender 34 ;systolic blood pressure and smoking are more likely associated with microbleeds in a deep or infratentorial region 13 . Among CKD patients, the prevalence of CMB is higher as the CKD stages advance. Diminished eGFR has been found to be an independent risk factor for CMB 14 . However, there are only limiteddata regarding prevalence and risk factors in the dialysis population. Increased systolic blood pressure, pulse pressure, and presence of hypertension and diabetes were associated with higher prevalence of CMB in a small study of Japanese dialysis patients 35 .
The case presented in this paper illustrates gradual decline in cognitive functions and neuroradiologic evidence of progressive mixed cerebrovascular disease including CMB two years after the initiation of hemodialysis. The MRI with T2*-weighted sequence showed stable white matter changes over the follow-up period, interval development of infarcts, and progression of CMB lesions.. It is tempting to attribute the patient's cognitive decline to this CMB progression. However, it must be noted that other progressive brain changes were present, including new infarcts in precuneus and pons. These findings illustrate the complexities of mixed cerebrovascular disease, in which ischemic and hemorrhagic changes coexist and progress. Given this complexity, it remains unclear to what extent the CMB lesions in fact produced the patient's cognitive decline.
In this case, the location of the CMB lesions seemed to be consistent with hypertensive vasculopathy and her history of volume-dependent labile high blood pressures. Note that blood pressure variability has been shown to independently predict CMB progression in deep and infratentorial regions after a median follow-up of 14 months 36 . In the hemodialysis setting, rapid changes in blood pressure, microembolization and dialysis disequilibrium have also been proposed, in addition to microbleeds, as mechanisms of brain injury 37 .
Due to largely unknown mechanism behind cognitive dysfunction especially in the dialysis population, there is no standard strategy about its prevention and management. A metaanalysis of hypertension trials showed that treatment of hypertension was associated with 13% decreased risk of dementia. However, the individual trials had mixed results for the preventive benefits of antihypertensive treatment on cognitive decline 38 , and these trials were not designed for patients on dialysis. Several uncontrolled observational studies of patients with ESRD have demonstrated that treatment with recombinant erythropoietin for severe anemia was associated with improvement in cognitive function [39] [40] [41] . However, a large randomized trial of anemia correction using erythropoietin in CKD or ESRD found increased risk for stroke, a major risk factor for dementia 42 . Similarly, there are conflicting data about using frequent hemodialysis and thus higher Kt/V for cognitive dysfunction prevention and treatment. Several risk factors associated with ESRD and dialysis such as retention of uremic solutes and hemodynamic instability during dialysis may be modified by more frequent hemodialysis and higher Kt/V. This speculation was favored by early observational studies 43, 44 . However, the recent Frequent Hemodialysis Network trials failed to achieve any benefits. The trials compared in-center 3-times-per-week versus in-center 6times-per-week hemodialysis, and home or in-center 3-times-per-week versus home 6times-per-week hemodialysis. These randomized trials showed at four-month and one-year follow-up, no benefits of frequent hemodialysis for the primary and secondary cognitive outcomes 45 .
In conclusion, this case illustrates the increased risk of cognitive dysfunction in patients of ESRD on hemodialysis. In the ESRD population on hemodialysis, the incidence of CMB is significantly higher compared to the general population, and CMB have been shown to be directly and independently associated with cognitive dysfunction. Currently, there is no standard strategy for screening, prevention, and management of cognitive decline in this population. MRI with T2*-weighted sequence may serve as a noninvasive biomarker for mixed cerebrovascular disease, but it has not been widely used. Further work is needed to develop a screening protocol for early detection of cognitive dysfunction and occurrence of CMB. Longitudinal studies are required to define the causal relationship between CMB and progression of cognitive dysfunction. Risk factors for development of CMB and dementia in dialysis patients need to be identified in order to individualize the prevention and treatment strategy, in particular those factors that are unique to the dialysis population such as dialysis modality, dialysis dose, intradialytic hemodynamic changes, and medications given during dialysis including erythropoietin analogs, heparin, and intravenous iron. Hemodial Int. Author manuscript; available in PMC 2016 July 01.
